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ABSTRACT
The need to meet the human consumption and industrial demand of oils has continued to attract research interests to unravel other alternative sources especially under-utilized and aAgro-waste sources. Physicochemical properties and fatty acid profiles of oil extracts of some indigenous under-utilized seeds were compared with some conventional oils. Soxhlet extraction of the crushed seed samples was carried out using N-hexane as solvent. The density, viscosity, saponification value (SV), iodine value (IV), peroxide value (PV) of the oil extracts were studied as well as gas chromatographic profile of the fatty acids to evaluate their compositional quality. No significant differences were observed in the refractive index (1.46) and specific gravity (0.95 – 1.10) of all the test samples as well as viscosity of oils from groundnut, African nutmeg, oil bean and palm kernel in comparison with the reference olive oil. Iodine values of the test samples which were significantly lower than the standard oil (129.42 ± 0.16) fell in the range of 62.50 ± 0.21 and 112.846 ± 0.24. Significantly high saponification values of 613.17 ± 23.67 and 566. 45 ± 25.01 were obtained in oil bean and groundnut samples respectively. Free fatty acid (FFA) content of oil extracts of African nutmeg, watermelon and cashew nut were significantly higher than that of olive oil (4.44%) with values corresponding to 30.58 ± 0.16%, 9.99 ± 0.09% and 4.68 ± 0.06% respectively. The sterol contents of the test samples except African nutmeg oil (194.70 ± 2.95 ppm) were significantly below the sterol content of olive oil (21.11 ± 0.16 ppm). All the test samples had higher peroxide values than olive oil (3.228 ± 0.13) with African nutmeg oil possessing the highest peroxide value of 21.857 ± 0.20 mEq/kg. However, the thiobarbaturic acid (TBA) of the test samples were comparable to that of olive oil (0.76 ±0.04) except that of cashew nut oil which was significantly higher (5.17). High percentage saturated fatty acid was predominant in cashew, soybean, watermelon, nutmeg, palm kernel and oil bean while groundnut oil had significantly higher polyunsaturated fatty acid than olive oil. Among the polyunsaturated fatty acids, linoleic was predominant in soybean, oil bean, palm kernel and groundnut oil extracts though significantly highest in olive oil and absent in watermelon. Significant amount of oleic acid in groundnut, cashew, palm kernel, oil bean, watermelon and soybean oil extracts compared to olive oil content is an indication that the various oils could serve as anti-inflammatory agent among other benefits. Hence, the various plants could serve as sources of edible or industrial oil or both.

INTRODUCTION
The need to meet the market demand of oils for human consumption and industrial applications has continued to attract research interests to unravel other alternative sources especially under-utilized and agro-waste sources. Edible oils are vital constituents of human diet which improve food taste quality, provide energy and essential fatty acids, serve as carriers of fat-soluble vitamins with many pharmacological importance (Zahir, 2017).    They are triglycerides of plant origin that include olive, palm, soybean, canola, cottonseed, groundnut, linseed, sesame, moringa and sunflower oils (El-hamidi and Zaher, 2018; Negash et al., 2019). Oils of plant origin not only represent a non-polluting, renewable and sustainable resource predominantly used for food-based applications, but are increasingly being used in industrial applications such as paints, lubricants, soaps, biofuels etc. In addition, plants can be engineered to produce fatty acids which are nutritionally beneficial to human health. Thus these oils have the potentials to substitute ever increasing demand of non-renewable petroleum sources for industrial application and also spare the marine life by providing an alternative source of nutritionally and medically important long chain polyunsaturated fatty acids or ‘Fish oil’(Kumar et al., 2016). N-hexane extraction is noted a more efficient means of oil optimization though ethanol and other solvents as well as other methods could be applied (Ijaola, 2022). are available.	Comment by HAPPY: No reference given
Physicochemical properties of edible oils are used to monitor the compositional quality, functionality and national? values of these oils (Mousavi et al., 2012). These physicochemical properties include pH, density, viscosity, saponification value (SV), acid value (AV), refractive index (RI), iodine value (IV) and peroxide value (PV). A quality type of oil must be within a proven and accepted range of physicochemical properties. According to Negash et al. (2019), the WHO/FAO guidelines on the maximum allowable limit for edible oil quality parameters include moisture (0.2%), acid value (0.6 mg KOH/g oil) and peroxide value (10 milliequivalents oxygen/kg oil). Increased acidity (AV) of oils is closely associated to the formation of free fatty acids as a result of fat hydrolysis and oxidative chain cleavage reactions (Sims and Stahl, 2010). Peroxide and iodine values are measures of rancidity due to oxidations and degree of unsaturation respectively (Zahir, 2017; Negash et al., 2019). Saponification value is related to the average chain length and molecular weight of the oil. High saponification value is an indication of shorter chain length and average molecular weight of the fatty acids (Birnin, 2011).  Kabagambe (2014) reported a preference in the consumption of non-hydrogenated unsaturated oils such as soya beans and sunflower over saturated oils (e.g. palm oil) due to its benefit in the lowering of heart diseases. The study of Gurr (2011) showed significant correlation between high consumption of saturated fats and low-density lipoprotein concentration (LDL), a risk factor in cardiovascular diseases. Other health benefits attributed to vegetable oils include numerous therapeutic functions of various phytochemical contents, essential minerals and vitamins vitaminspresent.	Comment by HAPPY: Ref not given	Comment by HAPPY: Ref not given	Comment by HAPPY: Ref not given
Olive oil, a key component of the Mediterranean diet is recognized for its polyphenolic content and contributions towards health especially in preventing cardiovascular diseases (Lopez-Miranda et al., 2010). Arachis hypogaea commonly known as groundnut or peanut is ranked the second important legume crop for household food, nutrition, and income generation for both rural and urban zones (Sinare et al., 2021). According to Zahran and Tawfeuk (2019) peanut seeds are rich source of oil containing 50.45 to 52.12 g 100 g−1 dry weight of oil. The physicochemical properties of the extracted oil showed 14.24 to 17.23% saturated fatty acids and 82.77 to 85.76% unsaturated fatty acids (Zahran and Tawfeuk, 2019). 	Comment by HAPPY: Ref not given	Comment by HAPPY: Ref not given	Comment by HAPPY: No reference 	Comment by HAPPY: No reference given 
 Palm kernel nut (Elaeis guineensis) is the edible seed of the oil palm tree of the Arecaceae family obtained by cracking the hard shell of the palm nut (Okonkwo and Ozoude, 2015). Evaluations of the kernel oil indicate significant polyphenols, α-tocopherol, steroids and rich content of saturated fatty acids (87%) predominantly lauric acid known to exhibit antimicrobial activity (Paulin and Irene, 2019; Kouadio, 2021). Palm kernel oils are utilized locally as skin moisturizers, poison antidotes and in the treatment of cough while industrially, they are used in soap production.
Monodora myristica (African nutmeg), a perennial edible plant of the Annonaceae family mostly prevalent in the Southeastern part of Nigeria and also known as Calabash nutmeg, Jamaica nutmeg, Ehuru or Ehiri (Igbo), Ariwo (Yoruba) and Guijiya dan miya (Hausa) (Ojiako et al., 2016; Ezeuko et al., 2017; Akise et al., 2020). The seed oil extract is reported to contain flavonoids, tannin, saponin, alkaloids, essential fatty acids and numerous terpenoids attributed with many pharmacological importance such as antioxidant, antimicrobial and suitable for cooking (Adewole et al., 2013; Ezeuko et al., 2017; Ukoha and Onunkwo, 2018; Akise et al., 2020). Physico-chemical analysis of the seed oil by Ezeuko et al. (2017) showed the followings; Iodine value (4.318 mg), Peroxide value (10.1 meq/ kg), Acid value (0.784 mg KOH /g), Saponification value (246.1 mg KOH g-), Refractive index (1.479) and Specific gravity (0.968 g/ml).
Citrullus lanatus (Watermelon) of the family Cucurbitaceae is an unexploited source of oil reported to contain vitamin E, minerals and high unsaturated fatty acids (81.6%) dominated by lineoleic acid (68.3%) (Reetapa et al., 2017). Apart from its edible potentials, watermelon seed oil is valued for its hepatoprotective, cardioprotective, antioxidant, antidiabetic and growth enhancement properties as well as its usefulness in skin care products (Reetapa et al., 2017; Oragwu, 2020). The study of Zahra and Ali Akbar (2010) showed hexane extracted watermelon seed oil with refractive index of 1.472 at 250C, saponification and iodine values of 200 MgKOH/g and 156gI/100g respectively.
Anacardium occidentale (cashew nut), a high value edible nut which yields two oils; the cashew nutshell liquid (CNSL) found between the seed coat and the nut and the cashew kernel oil (CKO) (Guo, 2016). CKO is reported to contain high proportion of unsaturated fatty acids valued for its medicinal and cosmetic applications (Akpan et al., 2014; Wahyuningsih, 2017). Okafor et al. (2012) reported high percentage oil yield of 42.9 from unfermented Pentaclethra macrophylla (Oil bean) seed with saponification, iodine and acid values of 165.50 mg/g, 167 mg/g and 1.06 mg/g respectively. Glycine max (Soybean) is referred to as a miracle crop due to its productivity, profitability, high oil content (18%), protein quality (̴ 40%), soil fertility contribution as well as significant source of phytochemicals (Rajni et al., 2020).

2. MATERIALS AND METHODS
2.1	Collection and identification of samples
Seeds of Arachis hypogaea, Elaeis guineensis, Monodora myristica, Citrullus lanatus, Anarcardium coccidentale, Pentaclethra macrophylla and Glycine max were purchased from local markets within Owerri Metropolis and authenticated at the Department of ……… Imo State University with the reference numbers ……………respectively. The seeds were washed and dried under shade for four consecutive weeks, then crushed into fine particles with a milling machine and stored in air tight containers. Goya brand of olive oil was purchased from a renowned pharmaceutical shop in Owerri, Imo State, Nigeria.
2.2	Soxhlet extraction of various sample oil
A quantity of 500ml of n-Hexane was measured into a round bottom flask and placed on the Soxhlet extractor. About 450 g of the pulverized samples were wrapped in clean papers formed in the shape of thimble and inserted into the percolator which was held firm to the round bottom flask using a clamp. The extraction process lasted about 12 to 16 hours at 60 °C. N-Hexane was separated from the oil via distillation. The oil recovered from each sample was placed in a water bath at 50 °C to enable the complete evaporation of traces of n-hexane remaining in the oil. The oil extracts were then cooled in desiccators to room temperature (25 ± 2 °C) and total oil recovered from each sample was put into a sample bottle, then stored at 4 °C until required for further analysis.
2.3	Determination of Physicochemical properties
2.3.1	Acid value
A portion of each sample (2 g) was weighed into a conical flask and a mixture of 25 ml diethyl ether and 25 ml ethanol was added. Few drops of phenolphthalein (1%) indicator were also added and the mixture titrated against 0.1M KOH with constant shaking until the appearance of pink colour which persisted for about 15 seconds.
Acid value	=	    V     x        M        x	 56.1
 			    weight (g) of sample used
Where;		V = Concentration of KOH		M = Vol of KOH used
FFA was calculated as oleic acid (1 ml 0.1M sodium hydroxide = 0.0282g oleic acid), in which case acid value = 2 x FFA. For most oils, acidity begins to be noticeable to the palate when the FFA calculated as oleic acid is about 0.5- 1.5 %
· For palm oil as palmitic acid (1ml 0.M NaOH = 0.0256g).
· For palm kernel, coconut and similar lauric acid (1ml 0.M NaOH =0.0200g).
2.3.2	Determination of iodine value:
A portion (0.5 g) of each of the oil samples was taken and placed in a dry glass-stoppered bottle of about 250 ml capacity and 10 ml of carbon tetrachloride added, followed by 20 ml of wij’s solution (A mixture of 8 g iodine trichloride dissolved in 200 ml glacial acetic acid and 9 g iodine in 300 ml carbon tetrachloride, made up to 1000 ml with glacial acetic acid). The mixture was allowed to stand in the dark for 30 minutes. 15 ml of 10% potassium iodide (KI) and 100 ml water were added, mixed and titrated against 0.1M sodium thiosulphate using starch as indicator (titration = a ml). A blank was carried out at the same time (titration = b ml).
Iodine value	 =	(b – a) x 1.269
     				wt. (g) of sample
Note:	If (b-a) is greater than b/2 the test must be repeated using a smaller amount of the sample.

2.3.3	Peroxide value
Procedure: 
A portion of each oil sample (1g) was weighed into a clean dry boiling tube. 1g powdered potassium iodide and 20 ml of solvent mixture (2 vol. glacial acetic acid + 1 vol. chloroform) was added. The tube was placed in boiling water and allowed to boil for one minute. The content was quickly poured into a flask containing 20 ml of 5% potassium iodide solution and titrated against 0.002M sodium thiosulphate (Na2S2O3) using starch as an indicator. A blank was performed at the same time.
Peroxide Value (PV) = 	(b-a) x M x 158.11 
				wt. (g) of sample
Where; 	a = sample titre value,	 	b = blank titre value, 	M = molarity of the Na2S2O3  
56.1 = molecular weight of Na2S2O3.
2.3.4	Saponification value
Oil sample of 2g was weighed into a conical flask and 25 ml of alcoholic potassium hydroxide solution added. The flask was corked and the mixture heated under a reflux condenser for 1hr. The mixture was removed and cooled. Then, few drops of phenolphthalein (1%) indicator was added and excess alkali titrated against with 0.5M hydrochloric acid until the disappearance of the pink colour indicating the end point. A blank was carried out at the same time
Saponification value 	=	(b-a) x M x 56.1  
                                       		wt. (g) of sample
Where 		a = sample titre value,	 b = blank titre value, 	M = molarity of the HCl   
56.1 = molecular weight of KOH.

2.3.5	Thiobarbituric acid number or value (TBA)
10g fatty food was macerated with 50 ml water for 2 minutes and washed into a distillation flask with 47.5 ml water. 2.5 ml hydrochloric acid was added to bring the pH to 1.5, followed by an antifoam preparation and a few glass beads. The flask was heated by means of an electric mantle so that 50 ml distillate was collected in 10 minutes from the time boiling commenced.5 ml distillate was pipetted into a glass-stoppered tube, 5 ml TBA reagent (0.2883g/100ml of 90% glacial acetic acid) was added, stoppered, shaken and heated in boiling water for 35minutes.A blank was prepared similarly using 5ml water reagent. The tubes were cooled in water for 10 minutes and the absorbance (D) was measured against the blank at 538nm using 1cm cells. TBA number was measured (as mg malonaldehyde per kg sample) = 7.8D

2.3.6	Specific gravity
A 25ml pycnometer bottle was thoroughly washed with detergent, water and petroleum ether then dried to a constant weight which was recorded as W0. The bottle was filled with water, stoppered and reweighed (W1). The bottle was emptied, dried and refilled with oil weighed again (W2). Specific gravity was calculated thus;
Specific gravity	 =	   weight of Xml oil (W2 – W0)
                             		 Weight of Xml water ((W1 – W0)

2.3.7	Refractive index
Abbe’s refractometer was reset with a light compensator and few drops of the oil sample placed on the lower prism of the instrument and closed. Light was passed by means of the bangled mirror; the reflected light appeared in form of a dark background. Using the fine adjustment, the telescope tubes were moved until the black shadow appeared central in the cross-wire indicator. The index of refraction was calculated from the observed refraction angle using Snell’s law.
2.3.8	GC analaysis of fatty acid profile (AOAC, 1990)
1ml of filtered residue was dissolved in 50 ml of chloroform and transferred to a 100 ml volumetric flask and diluted to the mark. Most of the chloroform was evaporated at room temperature. 1 ml of the reagent {20 vol% benzene and 55 vol% methanol} was added. This was sealed and heated at 40 oC in a water bath for 30 minutes. The organic sample was then extracted with hexane and water after heating so that the final mixture of the reagent, hexane and water, was in the proportion of 1:1:1 (i.e.,1ml each of hexane and water was added to the reaction mixture). The mixture was shaken vigorously by hand for 2 min. The stable emulsion formed was broken by centrifugation. About half of the top hexane phase was transferred to a small test tube for injection. Care was taken to remove only the organic layer. Necessary adjustments were made and analysis carried out on the Buck 530 gas chromatograph (CA, USA) equipped with an automatic injector, Electron capture detector, HP 88 capillary column (100m x 0.25µm film thickness) 

 RESULTS
Table 1.0: 					Physicochemical properties of some indigenous plant oil extracts
Values are mean ± standard deviation of triplicate determinations. Values with different superscript per column are statistically
significant (P≥0.05)
	[bookmark: _Hlk90552432]Oil plant Sample
	pH
	Viscosity  (Pa.s)
	Refractive index
	Specific gravity
	FFA ( %)
	Iodine  value
	Saponification value
	Peroxide  value (mleq/kg)
	TBA
	Sterols (ppm)

	Olive (Standard)
	5.08 ± 0.01a
	1.913 ± 0.03a
	1.46 ± 0.06
	0.97 ± 0.02
	4.44 ± 0.06a
	129.42 ± 0.16a
	462.61 ± 23.10a
	3.228 ± 0.13a
	0.76 ± 0.04a
	21.11 ± 0.16a

	A. hypogaea
  (groundnut)
	5.83 ± 0.01b
	1.804 ± 0.08 ac
	1.46 ± 0.02
	1.01 ± 0.01
	1.05 ± 0.02b
	94.125 ± 0.22b
	 566.45 ± 25.01b
	16.686 ± 0.22b
	0.04 ± 0.00b
	 0.460 ± 0.16bf

	A. occidentale
   (Cashew)
	6.72 ± 0.02c
	ND
	1.46 ± 0.06
	0.96 ± 0.02
	4.68 ± 0.06c
	81.139 ± 0.20c
	 84.18 ± 17.20c
	4.204 ± 0.12c
	5.17 ± 0.14c
	 0.958 ± 0.20b

	C. lunatus (watermelon)
	6.62 ± 0.03d
	1.409 ± 0.05 b
	1.46 ± 0.03
	0.96 ± 0.01
	9.99 ± 0.09d
	94.598 ± 0.18b
	 172.73 ± 18.03d
	6.752 ± 0.14d
	0.40 ± 0.03d
	4.549 ± 0.10c

	M. myristica (African nutmeg)
	6.08 ± 0.02e
	1.905 ± 0.09a
	1.46 ± 0.02
	0.96 ± 0.02
	30.58 ± 0.16e
	112.846 ± 0.24e
	 178.75 ± 21.78d
	21.857 ± 0.20e
	0.56 ± 0.03e
	 194.70 ± 2.91d

	E. guineensis 
(palm kernel)
	6.54 ± 0.02f
	2.048 ± 0.10a
	1.46 ± 0.02
	0.96 ± 0.02
	2.41 ± 0.02f
	62.503 ± 0.21f
	 235.13 ± 19.98d
	7.995 ± 0.17f
	0.70 ± 0.02aef
	 0.012 ± 0.00e

	P. macrophylla (
	6.57 ± 0.03df
	1.757 ± 0.06ac
	1.46 ± 0.03
	0.95 ± 0.02
	2.22 ± 0.02f
	92.814 ± 0.18b
	 613.17 ± 23.67b
	7.747 ± 0.18f
	0.66 ± 0.02aef
	 0.243 ± 0.08f

	G. max
(Soya bean)
	5.61 ± 0.02g
	1.728 ± 0.03c
	1.46  ± 0.02
	0.96 ± 0.03
	3.02 ± 0.03g
	94.651 ± 0.15b
	416.26 ± 26.15a
	3.961 ± 0.12c
	0.73 ± 0.03af
	 16.43 ± 1.15g







	Component
	Fatty acid
	Olive oil 
	G. nut oil
	Cashew oil
	Water Melon oil
	African Nutmeg oil
	Palm Kernel oil
	Oil Bean
	Soy Bean oil

	C12
	Lauric acid
	2.57 ± 0.87 a
	2.85 ± 0.96a
	-
	2.34 ± 0.93 a
	2.36 ± 0.60ac
	5.14± 0.98 b
	5.28± 0.82 b
	5.10 ± 0.89 b

	C14
	Myristic acid
	-
	0.02 ± 0.00a
	5.70 ± 1.52 b
	4.37± 0.17 b
	4.37 ± 0.62 b
	5.87± 0.48 b
	6.06± 1.19 b
	20.65 ± 2.85 d

	C16
	Palmitic acid
	13.91± 2.05a
	-
	8.81 ± 1.86 b
	-
	-
	10.76 ± 1.76 b
	8.35 ± 1.93 b
	10.61± 1.46 b

	C17
	Magaric acid
	-
	-
	1.97 ± 0.09
	-
	-
	-
	-
	-

	C18
	Methyl Stearate
	-
	0.01± 0.00a
	-
	4.03 ± 0.98 b
	3.60 ± 0.83 b
	4.03 ± 0.92 b
	4.01± 0.36 b
	3.36 ± 0.68b

	C18:1
	Oleic acid
	0.34 ± 0.05 a
	1.33± 0.17b
	2.34 ± 0.56 c
	2.04 ± 0.80 bc
	-
	2.92± 0.13c
	3.53 ± 0.89c
	2.83 ± 0.60 c

	C18:2
	Linoleic acid
	18.24 ± 1.54a
	5.83± 1.41b
	1.58± 0.33 c
	-
	1.44± 0.38 c
	7.42± 1.27 bd
	8.07± 1.81d
	11.06 ± 1.74e

	C18:3
	Linolenic acid
	2.66 ± 0.56 a
	4.64± 1.17bc
	-
	3.93 ± 0.56 b
	4.91± 1.07 bc
	5.94 ± 1.78 c
	5.93± 1.42 c
	-

	C20
	Behenic acid
	0.54 ± 0.08 a
	0.50± 0.07a
	-
	0.76 ± 0.05 b
	0.76 ± 0.08 b
	-
	-
	0.77 ± 0.02 b

	
	
	
	
	
	
	
	
	
	

	Total
	
	38.24± 2.34a
	15.19 ± 1.17b
	20.39± 2.02c
	17.45± 1.30 b
	17.43± 1.29 b
	42.10 ± 2.63 a
	41.25 ± 2.13 a
	54.37 ± 2.74 d


Table 2.0:				Fatty acid profile of some indigenous plant oil extracts
Values are mean ± standard deviation of triplicate determinations. Values with different superscript per row are statistically
significant (P≥0.05)


Table 3.0:		 Percentage saturated, monounsaturated and polyunsaturated fatty acids
	Fatty Acid
	Olive oil 
	G. nut oil
	Cashew oil
	Water Melon oil
	African Nutmeg oil
	Palm Kernel oil
	Oil Bean
	Soy Bean oil

	Saturated
	44.51
	22.25
	80.82
	67.45
	63.67
	61.28
	57.40
	74.46

	Monounsaturated
	0.89
	8.76
	11.48
	10.03
	0
	6.94
	8.56
	5.21


	Polyunsaturated
	54.60
	68.99
	7.70
	22.52
	36.43
	31.78
	33.94
	20.33



 



 The results of the physicochemical characteristics of standard Goya olive oil and oil samples extracted from A. hypogaea L, A. occidentale, C. lunatus, M. myristica, E. guineensis, P. macrophylla and Glycine. max are enumerated in Table 1.0. Olive oil had significantly the lowest pH of 5.08 compared to all the test samples which had pH between 5.61 and 6.72 indicating slight acidity. At P< 0.05, the pH of G. max oil was significantly the lowest while that of A. occidentale oil was the highest in comparison with other test samples. No significant differences were observed in the pH of oil samples extracted from C. lanatus (6.62), E. guineensis (6.54) and P. macrophylla (6.57) seeds. No significant differences were observed in the refractive index (1.46) as well as the specific gravity (0.95 – 1.10) across the test samples and when compared with olive oil. The viscosity of oils from groundnut, African nutmeg. oil bean and palm kernel were not significantly different from the reference oil (1.913 ± 0.03 Pa.s). The values obtained for watermelon (1.409 ± 0.05 Pa.s) was significantly below the viscosity of olive oil. Iodine values of the test samples which were significantly lower than the standard oil (129.42 ± 0.16) fell in the range of 62.50 ± 0.21 and 112.846 ± 0.24 with oil extract of palm kernel at the lower limit and that of African nutmeg at the upper limit. The oil extracts of groundnut, watermelon, oil bean and soybean had values that were not significantly different from each other. Significantly high saponification values of 613.17 ± 23.67 and 566. 45 ± 25.01 were obtained in oil bean and groundnut samples respectively. The value observed in soybean oil (416.26 ± 26.15) was not significantly different from that of olive oil but was significantly higher than the rest of the test oil extracts which fell in the range of 84 to 235. Oil extract of cashew nut had the lowest saponification value. Free fatty acid (FFA) content of oil extracts of African nutmeg, watermelon and cashew nut were significantly higher than that of olive oil (4.44%) with values corresponding to 30.58 ± 0.16%, 9.99 ± 0.09% and 4.68 ± 0.06% respectively, while oil samples obtained from soybean, oil bean, palm kernel and groundnut had values of 3.02 ± 0.03%, 2.22 ± 0.02%. 2.41 ± 0.02% and 1.05 ± 0.02% respectively which were significantly lower than the standard olive oil. The values of oil bean and palm kernel oils were not statistically different from each other. The sterol contents of the test samples except for African nutmeg oil (194.70 ± 2.95 ppm) were significantly below the sterol content of olive oil (21.11 ± 0.16 ppm). Less than 1.0 ppm were observed in the oil extracts from groundnut, cashew seed, palm kernel and oil bean whereas soybean oil and watermelon oil contained 16.43 ± 1.15 ppm and 4.549 ± 0.10 ppm of sterols respectively. All the test samples had higher peroxide values than olive oil (3.228 ± 0.13). African nutmeg oil had the highest peroxide value of 21.857 ± 0.20 mEq/kg followed by peanut (16.686 ± 0.22) then palm kernel oil (7.995 ± 0.17) and oil bean (7.747 ± 0.18), while soybean oil had the lowest value of 3.961 ± 0.12 mEq/kg.  TBA of the test samples are comparable to that of olive oil (0.76 ±0.04) except the TBA of cashew nut oil which was significantly higher (5.17)

The fatty acid profile of oil extracts revealed a total of 38.24 ±2.34 in the standard olive oil (Table 2.0). The values observed in groundnut (15.19 ± 1.17), African nutmeg (17.43 ± 1.29), watermelon (17.45 ±1.30) and cashew (20.39 ± 2.02) were significantly below that of olive oil. No significant difference was observed in the total fatty acids of palm kernel and oil bean when compared with olive oil. Soybean oil was significantly the highest with a value of 54.37. High percentage saturated fatty acid was predominant in cashew, soybean, melon, nutmeg, palm kernel and oil bean with corresponding values of 80.82%, 74.47%, 65.90%, 63.63%, 61.28% and 57. 45%. Groundnut oil possessed significantly higher polyunsaturated fatty acid than olive oil (54.65%). Palmitic acid (C16) was the principal saturated fatty acid in olive oil (13.91 ± 2.05) and oil extracts from palm kernel, cashew seed and oil bean. The values of the oil extracts which lie between 9.0 and 11.0 fell significantly below olive oil. Myristic acid predominated in oil extracts from soybean (20.65 ± 0.89), African nutmeg (4.37 ± 0.62) and watermelon seed. Methyl stearate was not detected in olive oil as well as cashew oil and its appearance in groundnut oil is quite negligible while magaric? acid was only observed in cashew oil. Oleic acid (C18:1) was the only monounsaturated fatty acid determined in olive oil and the extracted oil samples but was found absent in African nutmeg kernel oil. Oil extracts from cashew and melon seed possessed the highest concentration of oleic acid while olive oil had the least value. Among the polyunsaturated fatty acids, linoleic (C18:2) was predominant in soybean (11.06 ± 1.74), oil bean (8.07 ± 1.81), palm kernel (7.42 ± 1.27) and groundnut (5.83 ± 1.41) oil extracts though significantly highest in olive oil (18.24 ± 1.54) and absent in watermelon. Alpha linolenic acid content of the oil extracts were in the range of 2.66 to 6.0; olive oil had the lowest value while palm kernel and oil bean were at the upper limit. No linolenic acid was detected in soybean and cashew seed oil extracts.
DISCUSSION
Physicochemical properties of oils which include pH, viscosity, saponification value (SV), refractive index (RI), iodine value (IV) and peroxide value (PV) are measures of the compositional quality, functionality and national values of any oil extract (Mousavi et al., 2012). Iodine value relates to the degree of unsaturation of oils and fats, saponification value (SV) is an index of average molecular mass of fatty acid in the oil sample. (Zahir, et al., 2017) while wide deviation of refractive index from standard values are indication of impurity and increased chances of rancidity. The observed refractive indices in this study are within the standard refractive index (1.3 -1.6) for organic oils and previous findings for some common oils; African nutmeg (1.479), castor (1.47), rubber seed (1.46),  Afo nut Poga oleosa (1.39) and shear butter (1.60) (Asuquo et al., 2012; Ezeuko et al., 2017). According to Abu-Elella et al. (2015), specific gravity (SG) is influenced by the chemical compositions of the oil; increased number of aromatic compounds in the oil results to SG increase while increase in saturated compounds results to decrease in SG.  Increased SG in peanut oil may be as a result of unsaturation (Table 3.0). The SG findings in this study are comparable to the reported values for African nutmeg (0.968g/ml), used and fresh motor oil (0.96 and 0.869) (Asuquo et al., 2012; Ezeuko et al., 2017). Chain length, bonding and cis/trans arrangements of fatty acids on the glycerol backbone of triglyceride (TG) molecules are related to viscosity which in turn affects the chemical properties of the oil (Zahir et al., 2017). Unsaturation of fatty acids, sheer stress and temperature impact negatively on the viscosity of oil (Kim et al., 2010). Significant viscosity decrease of watermelon oil extract compared to olive oil and other extracts could be related to the chain length and bond arrangements of the fatty acids. The observed lower iodine values in the test samples compared to olive oil is an indication of lower degree of unsaturation. Oils with iodine values lower than 100 mgI2/100g are considered non-drying oil which do not harden when exposed to air and can be used in the production of lubricants, hydraulic fluids and surface coating (Asuquo et al., 2012). Hence, all the test samples except African nutmeg oil extract are non-drying oils. High saponification values of oil extracts from oil bean, groundnut, olive oil, soybean and palm kernel indicate that the samples have shorter chain length and lighter molecular weight while the reverse is the case with African nutmeg, watermelon and cashew nut. The expected saponification value range according to SON (2000) and NIS (1992) is 195 – 205 mg KOH/g. High SV can also be attributed to non-saponifiable fatty acids in the oil samples which can be improved by slight refining (Hamisi, 2020). The saponification values reported for oil extracts from African nutmeg and watermelon seed by Ezeuko et al. (2017) and Zahra and Ali-Akbar, (2010) respectively were higher than the findings in this study. 	Comment by HAPPY: What is national value?	Comment by HAPPY: Ref not found
The test result showed that African nutmeg, olive oil and soybean would be good sources of sterols. Plant sterols encompassing stigmasterol, sitosterol, campesterol, brassiccasterol, avenasterol and (stigmastenol ?)are well valued than cholesterol due to their health benefits including anti-inflammatory, chemopreventive, antioxidant, antidiabetic, anti-atherosclerotic hormone-like effect and the ability to compete and hinder the absorption of cholesterol, thereby reducing total plasma cholesterol and low density lipoprotein cholesterol (LDL-C) (Salehi et al., 2021; Li et al., 2022). High FFA and sterol contents of African nutmeg is an indication of high hydrolytic reactions involving the cleavage of ester bonds by the enzyme lipase in the presence of base, a major reaction in Oleo-chemical industries. The FFA content of oil extracts impact on rancidity thus, can be used to rate the edibility of oils. High peroxide value of African nutmeg in this study could be related to high FFA due to high hydrolytic reactions. Peroxide value (PV) and Thiobarbuturic acid (TBA) are measures of the extent of rancidity occurrence which could serve as a pointer to the quality, stability and shelf life of oil samples. Hamid (2011) noted that PV measures the concentrations of peroxides and hydroperoxides formed in the initial stages of lipid oxidation while TBA measures the breakdown products of unsaturated fatty acid oxidation. Reactive and toxic products of oxidations and microbial degradations are noted to ultimately pose health risks including cancer and inflammation (Negash et al., 2019). Low PV of the sealed refined olive oil compared to the fresh unrefined oil samples is in tandem with the report of Aremu et al. (2015) and could be as a result of low exposure to oxygen and probably presence of added antioxidants. Temperature and light during storage as well as pH and buffering capacities during processing are other factors that could influence the oxidative stability of oils (Kim et al., 2016). Kim et al. (2016) noted that lower pH may decrease the rate of lipid oxidation due to easy transfer of protons to alkyl (Rᵒ), alkoxy (ROᵒ) and/or peroxyl radicals (ROOᵒ) formed during oxidation. Nevertheless, the peroxide values of refined olive oil and the fresh oil samples except African nutmeg and peanut oil fell below the standard peroxide value (10mEq/kg) for commercial vegetable oil deterioration, indicating slow oxidation in these oil samples. Lipid oxidation is a major deteriorative process with critical implication in the health, sensory and stability qualities of the oils (Yu et al., 2007; Negash et al., 2019).	Comment by HAPPY: Ref not found
[bookmark: _Hlk144550165]Application of oil also depends on the fatty acid contents which determines the oil properties and in turn the nutritional, health and industrial benefits. Unsaturated fatty-acids are recommended for healthy consumption, while high saturated fatty acids have been associated to elevated serum cholesterol leading to increased risk of coronary heart diseases (Latham, 2017; Negash et al., 2019). High unsaturated fatty acid content of groundnut oil (77.69%) and olive oil (55.54%) are indications of their edibility. Linoleic acid (LA, C18:2n=6) and α-linolenic acid (ALA, C18:3=3) are essential fatty acids which serve as precursors to n-6 series of fatty acids such as Arachidonic acid (AA) and n-3 series of fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) respectively, through desaturation and elongation process. ꞷOmega -6 and ꞷomega-3 polyunsaturated fatty acids (PUFA) precede the formation of potent lipid mediator signaling molecules known as eicosanoids with the following associated health benefits; immune-stimulation, cardioprotective, anti-hypertensive and anti-inflammatory effects (Petterson et al., 2012; Rajaram, 2014). Oleic acid has been associated with anti-inflammatory activities through the activation of different pathways of immune component cells (Carrilo et al., 2012).  Significant amount of oleic acid in groundnut, cashew, palm kernel, oil bean, watermelon and soybean oil extracts compared to olive oil content is an indication that the various oils could serve as anti-inflammatory agent. 	Comment by HAPPY: No reference given	Comment by HAPPY: Check?	Comment by HAPPY: Check	Comment by HAPPY: Petter son or Patterson?	Comment by HAPPY: Use similar type of pattern for naming fatty acids. Either use ‘n’ or ‘ꞷ’	Comment by HAPPY: No reference given

Though dietary saturated fatty acids largely lauric, myristic and palmitic acid are associated with cholesterol-raising effect and atherogenicity, myristic acid is reported to play vital roles in regulation of metabolic pathways and several signal transductions (e.g. Src family of tyrosinase kinases) through the modifications of proteins co-translationally or post-translationally in a process termed N-myristolyation (Zock et al., 1994; Beauchamp et al., 2009). According to Rioux et al. (2005), myristic acid at physiological level may participate in the regulation of highly unsaturated fatty acid biosynthesis and metabolism. Palmitic acid (PA), the most common saturated fatty acid in the body obtained from diet or synthesized endogenously is also involved in the post translational modification of proteins and also acts as agonists of toll-like receptors (TLR-4) which are regulators of inflammatory processes and secretion of proinflammatory cytokines (IL-1 and IL-6) as well as activation of immune systems (Carta et al., 2017, Ortega and Campos, 2021).  High concentration of myristic acid in soybean and dominant presence of palmitic acid in oil bean and cashew oil extracts could be an advantage if other controlling factors are not present to influence negative impact. According to the report of Carta  et al. (2017), detrimental health effects of PA could be related to excessive imbalance of dietary PA/PUFA ratio which may be enhanced by factors such as positive energy balance, excessive intake of carbohydrates (especially mono- and di- saccharides), and a sedentary lifestyle. Methyl esters of which methyl esterate is a member are reported to have antimicrobial and antioxidant properties (Nakiziba et al., 2022). Thus, soybean, African nutmeg, palm kernel, oil bean and watermelon oil extracts with significant amount of methyl esterate are potential sources of antimicrobial and antioxidant therapeutic agent. The findings in this study are in tandem with the reports of Reetapa et al. (2017) and Akisa et al. (2002). 	Comment by HAPPY: No reference given	Comment by HAPPY: Ref not given

CONCLUSION
The various oil extract from the plant samples showed beneficial properties that could be harnessed for domestic and industrial utilization. The lower iodine value observed in all the extracted oil except the African nutmeg indicate that these oils are non-drying and could be used industrially to produce lubricants hydraulic fluids. The result also showed that oil obtained from African nutmeg and soybeans would be good sources of sterols. Plant sterols offer profound health benefits and exhibit a reducing effect on the total plasma cholesterol level. The significant amount of oleic acid found in these extracted oil samples suggests that the oils could be used as anti-inflammatory and immune modulating agents.   
LIST OF ABBREVIATIONS
AA			Arachidonic Aacid 
ALA			Alpha Llinolenic Aacid 
AOAC 		Association of Official Agricultural Chemists
AV			Acid Vvalue 
CKO			Ccashew Kkernel Ooil
CNSL			Ccashew Nnut Sshell Lliquid 
DHA			Ddocosa Hhexaenoic Aacid 
EPA			Eeicosa Ppentaenoic Aacid
FAO			Food and Agriculture Organization
FFA			Free Ffatty Aacid 
GC			gas chromatograph 
GC			Gas Cchromatography
IL			Interleukin
IMSUH 		Imo State University Herbarium 
IV			Iodine Vvalue 
KI			Ppotassium Iiodide 
LDL			Llow-Ddensity Llipoprotein concentration 
mEq			milliequivalent
mg KOH		milligrams of Ppotassium Hhydroxide
Na2S2O3		Ssodium Tthiosulphate 
NaOH			Sodium Hhydroxide
NIS 			Nigerian Immigration Service
PA			Palmitic Aacid 
Pa.s			Pascal Ssecond
ppm			Pparts Pper Mmillion
PUFA			Ppolyunsaturated fatty acids 
PV			Peroxide value 
RI			Refractive index 
SG 			Sspecific Ggravity
SON 			Standards Organization of Nigeria
SV 			Saponification Vvalue 
TBA			Thiobarbaturic Aacid 
TG			Ttriglyceride 
TLR			Ttoll-Llike Rreceptors 
WHO			World Health Organization
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Collection and authentication of plant materials
Seeds of Arachis hypogaea, Elaeis guineensis, Monodora myristica, Citrullus lanatus, Anarcardium coccidentale, Pentaclethra macrophylla and Glycine max were purchased from local markets within Owerri Metropolis and authenticated at Imo State University Herbarium unit, Department of Plant Science and Biotechnology with the reference numbers IMSUH 432, 434, 435, 436, and 437 respectively. The seeds were washed and dried under shade for four consecutive weeks, then crushed into fine particles with a milling machine and stored in airtight containers. Goya brand of olive oil was purchased from a renowned pharmaceutical shop in Owerri, Imo State, Nigeria.
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